Objectives-To determine whether active immunisation of mice with pathogenic anticardiolipin antibodies (IgG and IgM), derived from the serum of a patient with the antiphospholipid syndrome, could dysregulate the idiotypic cascade and induce the production of anti-anti-anticardiolipin (Ab3) with anticardiolipin activity by the mice with the association of overt antiphospholipid syndrome. Methods-Anticardiolipin antibodies were purified from the serum of a patient with the antiphospholipid syndrome. The purified anticardiolipin antibodies were used to immunise mice at the footpads and the mice were then followed up for serological and clinical manifestations of the antiphospholipid syndrome. Results-The IgG anticardiolipin antibody was found to be monospecific and to bind cardiolipin with high affinity. Immunisation of naive BALB/c mice with the purified IgG anticardiolipin antibody was followed by production in the mice of sustained high titres of IgG anticardiolipin antibody, associated with a prolonged activated partial thromboplastin time (64.5 (9.7) v 30*1 (1.7) seconds in control mice) and thrombocytopenia (0-4 (0-06) X 109 v 1-0 (0.09) x 109/l platelets in controls). The titres of other autoantibodies (for example, antibodies to DNA, histone), though high after the immunisation, decreased rapidly and were almost undetected one month after the boost injection. The 
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Objectives-To determine whether active immunisation of mice with pathogenic anticardiolipin antibodies (IgG and IgM), derived from the serum of a patient with the antiphospholipid syndrome, could dysregulate the idiotypic cascade and induce the production of anti-anti-anticardiolipin (Ab3) with anticardiolipin activity by the mice with the association of overt antiphospholipid syndrome. Methods-Anticardiolipin antibodies were purified from the serum of a patient with the antiphospholipid syndrome. The purified anticardiolipin antibodies were used to immunise mice at the footpads and the mice were then followed up for serological and clinical manifestations of the antiphospholipid syndrome. Results-The IgG anticardiolipin antibody was found to be monospecific and to bind cardiolipin with high affinity. Immunisation of naive BALB/c mice with the purified IgG anticardiolipin antibody was followed by production in the mice of sustained high titres of IgG anticardiolipin antibody, associated with a prolonged activated partial thromboplastin time (64.5 (9.7) v 30*1 (1.7) seconds in control mice) and thrombocytopenia (0-4 (0-06) X 109 v 1-0 (0.09) x 109/l platelets in controls). The titres of other autoantibodies (for example, antibodies to DNA, histone), though high after the immunisation, decreased rapidly and were almost undetected one month after the boost injection. The mice immunised with the IgG anticardiolipin antibody showed low fecundity (36% of mice became pregnant v 62% in the group immunised with control IgG). The pregnant mice had an increased resorption rate (the equivalent of fetal loss in the human) of 61 (9)0/o v 5 (4)%/o in the control group. The mean (SD) embryo and placental weights in mice with the antiphospholipid syndrome were significantly lower than in the mice injected with control IgG (641 (210) and 103 (14) The antiphospholipid syndrome is characterised by the presence of anticardiolipin antibodies or lupus anticoagulant, or both, associated with recurrent venous and arterial thromboembolic phenomena, thrombocytopenia, and recurrent fetal loss. 14 A great variety of additional manifestations have been attributed to the syndrome.5-7 Many theories have been reported to explain the hypercoagulable state on the background of thrombocytopenia 8-" and the conclusive therapeutic recommendations are still awaiting double blind studies. [12] [13] [14] In part, the unresolved enigmas about the antiphospholipid syndrome are due to the lack of proper experimental models in animals. Several such models have now been reported; some use mice genetically prone to systemic lupus erythematosus (SLE) (MRLJlpr),'5 whereas others use an induced syndrome. '6 17 We have shown the induction of the antiphospholipid syndrome in naive mice in two independent ways: (a) passive transfer of human and mouse polyclonal and monoclonal anticardiolipin antibodies was followed by thrombocytopenia and a high resorption rate of fetuses in pregnant mice'7; and (b) active immunisation, previously shown to induce SLE. '8-20 In the second method we injected 1 p.g human monoclonal anticardiolipin antibodies (H-3)21 into the hind footpads of BALB/c mice, which resulted in sustained high levels of anticardiolipin antibody titres in the mice (anti-anti-anticardiolipin (Ab3)) which, when pregnant, also showed a high rate of fetal loss.22
We report here the active induction of the antiphospholipid syndrome in BALB/c mice using immunisation with a polyclonal serum anticardiolipin antibody derived from the same patient whose anticardiolipin antibodies were reported to induce the syndrome on passive transfer. ' phosphate buffered saline (PBS) and 5% bovine serum, serial dilutions (1:200 to 1:3600) of the human or mice serum samples in PBS and 2% bovine serum were incubated for two hours. Wells were washed three times with PBS. Bound antibodies were detected using a 1:1000 dilution of goat antihuman or mouse (highly specific and not cross reactive) Ig specific for IgG and IgM conjugated to alkaline phosphatase (Sigma) and the addition of its substrate p-nitrophenylphosphate. Colour was measured in a Titertek ELISA reader at 405 nm. Values greater than two standard deviations above the mean of 10 normal serum samples were considered positive for autoantibody detection.
DETECTION OF ANTIBODIES TO DOUBLE STRANDED DNA, POLYNUCLEOTIDES AND HISTONE
Antibodies to double stranded DNA, poly(I), and poly(G) were determined according to the method of Shoenfeld et al. 23 Briefly, polystyrene plates with 96 flat bottomed wells (Nunc) were coated sequentially with poly-L-lysine (50 ,ug/ml in water), the antigen in question, 2-5 ,ug/ml TRIS buffered saline, and poly-L-glutamate (50 ,ug/ml). Washings between steps were performed using TRIS buffered saline with 0-05% Tween 20 to minimise non-specific binding. Detection of the autoantibodies in the serum samples was as described for anticardiolipin antibodies. Detection of antibodies to histone was carried out using the method of Shoenfeld et al.24
DETECTION OF IDIOTYPES IN SERUM SAMPLES AND ON ANTIBODIES
To determine the presence of two common anticardiolipin idiotypes and a common anti-DNA idiotype (16/6 idiotype), we used two monoclonal anti-idiotypic antibodies and a polyclonal anti-idiotype: anti-H-3 (S2 9) is a mouse monoclonal antibody defining the H-3 idiotype of a natural anticardiolipin antibody, originally defined on a human monoclonal anticardiolipin antibody (H-3).21 The H-3 anticardiolipin antibody was previously shown by us to be pathogenic and to induce the antiphospholipid syndrome in naive mice.22 1 
EVALUATION OF OUTCOME OF PREGNANCY
The number of vaginal plugs (indicating mating), the number of pregnancies (indicating fecundity), and the number of live embryos for each successful pregnancy were studied according to methods described previously. [17] [18] [19] [20] [21] [22] In addition, the number of resorbed embryos was recorded and the resorption index (%R) was calculated as follows: %R= (
Noof resorptions The affinity of the various antibodies to cardiolipin bound to a solid phase was determined using the method previously described.29 30 Briefly, ammonium thiocyanate (NH4SCN) in 0 1 M phosphate buffer (pH 6 0) was added to the appropriate wells precoated with cardiolipin and after incubation with the antibodies in question, at concentrations ranging from 0-1 to 10 mol/l. The plates were washed after 15 minutes with PBS-Tween and antihuman immunoglobulin conjugated to alkaline phosphatase was added.
The data were fitted to a graph of loglo (% binding) v molar concentration of NH4SCN. The affinity index, which is the molar concentration of NH4SCN required to reduce the initial absorbance by 50%, was determined.
Results

CHARACTERISTICS OF PATIENT S ANTICARDIOLIPIN ANTIBODIES
Sequential blood samples were taken from the 23 year old patient with the primary antiphospholipid syndrome. Samples were taken in 1987 when she was diagnosed and during pregnancy (1991) while being treated with mini-dose aspirin. Figure IA shows ( fig 2C) . The binding of the IgM fraction to cardiolipin was inhibited by cardiolipin, DNA, and poly(I) (67 v 64 v 61% inhibition respectively) ( fig 2D) . Similarly, the IgM binding to DNA was inhibited by DNA and cardiolipin (64 v 68% inhibition respectively) (data not shown).
Comparing the affinity of binding to cardiolipin of the two fractions has revealed that IgG binds in a significantly higher affinity than IgM as expressed by the affinity index (3 6 v I I mol/l respectively) (fig 3) . (   (fig 4A) . Interestingly, the titre of antibodies to DNA in IgM immunised mice remained A lower fecundity rate was observed in female mice immunised with IgG and IgM 'BS was given three weeks anticardiolipin antibodies than in controls, mples were drawn period-whereas a decrease in the number of live determine serological and embryos for each pregnancy could be noted I findings. High titres of only in mice immunised with IgG antintibodies were detected in cardiolipin antibodies (table) . A high percenmice immunised with the tage of resorptions of fetuses (61 (9)%) could L), whereas a decrease in be found only in mice immunised with IgG. A nd histone was noted with smaller resorption rate (12 (9)%) was noted in titre of anticardiolipin mice immunised with IgM; controls had only rum samples from mice 3 (5)% resorptions (p<0001). The mean (SD) the IgM fraction of of the weights of the embryos and placentas )dies decreased with time derived from mice immunised with IgG Months after immunisation The antiphospholipid syndrome is associated with many obstetric complications. We saw the classical signs of the antiphospholipid syndrome (that is, thrombocytopenia, prolonged activated partial thromboplastin time, and fetal loss) in the mice immunised with the IgG anticardiolipin antibodies which carried the pathogenic idiotypes 1-10 and H-3. From the results of this study it seems as if it is also complicated by a low fecundity rate. In this respect IgG and IgM immunised mice had low fecundity rates (36 v 62% and 30 v 48%; see  table) . It is conceivable that some of the cases of unexplained sterility in women may be related to high titres of anticardiolipin antibodies. Therefore these women should also routinely be screened for the presence of such antibodies.
Our study also shed light on another aspect ofthe antiphospholipid syndrome: the relationships between anticardiolipin antibodiesnamely, the existence of pathogenic and nonpathogenic anticardiolipin antibodies. Previously we have shown that idiotypes (anti-DNA idiotypes) could be either pathogenic or non-pathogenic. '9 If repeated, our model may serve to determine whether anticardiolipin antibodies which are incidently found in serum are indeed pathogenic, thus necessitating preventive lifelong anticoagulant treatment.
The results of this study also point to the possible pathogenetic importance of the isotype, idiotype and affinity of anticardiolipin antibodies.
